Background: Chronic kidney disease (CKD) is a pre-condition for end-stage kidney disease (ESKD) undergoing hemodialysis, as well as a risk factor for cardiovascular disease. Therefore, it is vital that CKD prevention measures be established. In particular, socioeconomic status (SES), as represented by income, contributes to non-communicable diseases like CKD. The purpose of this study was to examine the independent association between CKD and individual SES in Japan, with consideration of other metabolic risks. Methods: In the present study, we analyzed the 2011 National Health and Nutrition Survey by the Ministry of Health, Labor, and Welfare. Specifically, we analyzed 3,557 people out of 8,762 whose serum creatinine was measured. Logistic regression analysis was used to calculate the odds ratio (OR) of CKD by income distinction, after adjustment for age and metabolic risks (obesity, diabetes mellitus, dyslipidemia, and hypertension), which were assessed at the medical examination. Results: CKD was found in 385 participants (10.8%) and was associated with greater age, obesity, higher levels of low-density lipoprotein cholesterol, triglyceride, and glycated hemoglobin, and lower levels of hemoglobin and high-density lipoprotein cholesterol. The adjusted model indicated a significant association between lower income and CKD: the OR of the low income group (<2 million yen) was 1.33 (95% confidence interval: 1.01 -1.78) in comparison with the high income group. Conclusions: The results of the present study indicate a substantial relationship between individual lower income status and CKD in Japan, where healthcare is easy to access. To prevent ESKD and cardiovascular diseases, early detection of CKD and its metabolic risks is necessary, especially among the socioeconomically vulnerable population.
Introduction
The number of patients with end-stage kidney disease (ESKD) undergoing hemodialysis has been increasing in most parts of the world, and the worldwide medical expenses associated with hemodialysis will increase to 1.1 billion US dollars within the next 10 years [1] . In Japan, the number of patients undergoing hemodialysis has tripled in the past 20 years, and dialysis-related medical expenses now amount to 1.4 billion yen [2] [3] .
In 2002, a new disease concept, chronic kidney disease (CKD), was proposed.
In CKD, kidney function disorder and/or abnormalities in urine appearance continue for more than 3 months, regardless of cause. Early detection and treatment of CKD may prevent progression to ESKD. In fact, CKD is a pre-condition for ESKD, as well as a risk factor for cardiovascular disease (CVD), which is the main cause of death worldwide [4] [5] [6] . It is estimated that 13% of the Japanese population have CKD; thus, the disease is as common as diabetes mellitus (DM) and hypertension (HT). For this reason, it is vital that effective CKD preventive measures be established; in fact, this is one of the most important issues in public and national health.
Several previous studies have evaluated the metabolic and lifestyle risk factors of CKD [2] [7] [8] [9] [10] . Metabolic factors, including DM, dyslipidemia (DL), HT, and obesity are major risk factors for CKD. In addition, physical inactivity and insufficient sleep time have been demonstrated as risk factors [10] [11] .
Several studies have suggested that excess alcohol consumption is also a risk factor, although results are inconsistent in this regard [12] . Taken together, the accumulation of unhealthy lifestyle factors strongly increases the risk of CKD [13] .
Medical examination and easy access to medical care play an important role in the early detection and prevention of CKD. In the guidelines "Proposal to achieve a decline in the number of dialysis initiations due to lifestyle-related diseases-early detection and prevention of onset and progression of CKD", which was published by the Japanese Society of Nephrology in 2016, the importance of regular medical examinations for the early detection of CKD is emphasized. In Japan, specific health check-ups and health-maintenance controls are carried out nationwide to prevent non-communicable diseases, especially metabolic syndrome. These programs aim to restrict increases in medical expenses; however, they have not yet focused on preventing CKD.
"SES" refers to the differences between individuals and groups in the possession of resources. The major indicators of SES are individual/household income, education, and occupation. Furthermore, SES reportedly contributes to both unhealthy lifestyle and CKD [14] [15] , and it is a risk factor for mortality in patients with CKD [16] . Despite this, to our knowledge, the association between CKD and SES in Japan is still not completely understood.
The purpose of the present study was to examine the association between CKD and individual income status in Japan using a nation representative sample, with consideration for other metabolic risk factors. The hypothesis of the present study is shown in Figure 1 . SES is associated with CKD, mainly as a mediator of metabolic and lifestyle risks. The indicator of SES used in the present study was individual income, and lifestyle factors were regular alcohol intake, physical inactivity and insufficient sleep time.
Subjects and Methods

Data Source
In the present study, we analyzed the 2011 National Health and Nutrition Survey by the Ministry of Health, Labor, and Welfare, which was a random sampling survey representing Japanese population distribution. Based on the Health Promotion Act, the National Health and Nutrition Survey is conducted annually by the Ministry of Health, Labor, and Welfare to evaluate people's health, nutritional intake, and lifestyle habits, and to obtain the basic data necessary for comprehensive health promotion. All members of households within 300 area units were interviewed. These units were randomly selected from among approximately 11,000 area units, as defined in the Comprehensive Survey of Living Conditions, 2011. More specifically, the survey recorded individual demographic information, illness profile, and lifestyle. In addition, a health examination was Figure 1 . There is the association between lower socioeconomic statues (SES) and unhealthy lifestyles or metabolic risks. Furthermore, unhealthy lifestyles, metabolic risks and uncollected factors might be associated with chronic kidney disease (CKD) progression. But in Japan, the association between CKD and SES is still not completely understood. Health carried out that included anthropometry, blood pressure measurement, and a blood test. The details of the survey have been reported elsewhere [17] . We obtained permission to use these data from the Ministry of Health, Labor, and Welfare.
Clinical Data and Disease Definition
The following four disease definitions were used in the analysis: CKD, DM, DL, and HT. CKD was defined as an estimated glomerular filtration rate (eGFR) < 60 ml/min/1.73 m 2 . The eGFR was estimated using the following formula: eGFR (ml/min/1.73 m 2 ) = (194 × Cr) − (1.094 × age-0.287) (× 0.739, if female). This formula was proposed by the Japanese Society of Nephrology [2] . DM was defined as either (1) HbA1c of ≥6.5%, as described by the National Glycohemoglobin Standardization Program, and/or (2) use of antidiabetic medications [18] . DL was defined as either (1) low density lipoprotein cholesterol (LDL-C) ≥ 140 mg/dl, (2) high density lipoprotein cholesterol (HDL-C) < 40 mg/dl, (3) triglyceride (TG) ≥ 150 mg/dL, and/or (4) the use of cholesterol-lowering drugs [19] .
HT was defined as either (1) systolic blood pressure (SBP) ≥ 140 mmHg, (2) diastolic blood pressure (DBP) ≥ 80 mmHg, and/or (3) use of antihypertensive drug [20] . Body mass index (BMI) was calculated using the subjects' height and weight, and obesity was defined as a BMI ≥ 25.
Health Risk Behavior
The following three behavioral health risks were used in the analysis: regular alcohol intake, physical inactivity and insufficient sleep time. Alcohol consumption per week was surveyed using the question, "How many times do you drink per week?" Regular alcohol intake was defined as drinking once or more per week. Physical inactivity was defined when the participants had "no exercise custom" in the original questionnaire. Insufficient sleep time was defined as 5 or less hours of sleep per day.
Individual Income
We used income as an indicator of individual SES, because other indications of SES, such as education and occupation, could not be collected. Participants were asked to select their income from a list of three categories: <2 million yen, 2 million to 5,999,999 yen, or ≥6 million yen. For the analysis, two categories of income were used: <2 million yen and ≥2 million yen.
Statistical Analysis
We analyzed 3,557 out of 8,762 people whose serum creatinine (Cr) had been measured. Differences in independent variables between CKD and non-CKD were assessed using the Chi-square test in the case of categorical variables and the t-test in the case of continuous variables in Table 1 . Analysis about differences between income was done in the same way. In several studies addressing the relationship between SES and lifestyle diseases, a gender difference in risk has been found [21] . But in our study, there was no significant interaction between sex and income (P-value = 0.402). Therefore, we have analyzed the adjusted ORs only in all subjects. Unadjusted analysis was used to calculate the odds ratios (ORs) and 95% confidence intervals (95% CIs) of CKD. Logistic regression analysis was used to calculate the ORs and 95% CIs of CKD by income distinction after adjustment for age, hemoglobin (Hb), albumin (Alb), DM, DL, HT, obesity, regular alcohol intake and physical inactivity, with various models.
As independent variables in the models, we selected those lifestyle and metabolic risks that were statistically significant (Table 1) , as well as Hb and Alb, which
are known risk factors for CKD.
Differences with a P-value < 0.05 were considered statistically significant. All statistical analyses were performed using EZR (Version 1.33; Saitama Medical
Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria).
More precisely, it is a modified version of R commander designed to add statistical functions frequently used in biostatistics [22] .
Alb, albumin; BMI, body mass index; CKD, chronic kidney disease; Cr, creatinine; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate;
Hb, hemoglobin; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; NGSP, National Glycohemoglobin Standardization Program; SBP, systolic blood pressure; TG, triglyceride.
Results
The basic characteristics of the participants in terms of the presence of CKD are shown in Table 1 . There were 3,172 participants without CKD, and 385 with CKD. The participants without CKD were younger and had lower SBP. Furthermore, those without CKD had higher levels of Hb, eGFR, Alb, HDL-C, and LDL-C, as well as lower levels of Cr, TG, and HbA1c. Regular alcohol intake, physical inactivity, and obesity were much more prevalent among patients without CKD. In addition, a higher proportion of individuals with CKD had an income of less than 2 million yen, and histories of DM, DL, and HT were also more prevalent.
The basic characteristics of the participants in terms of income are shown in Table 2 . CKD, DM, DL, HT, and obesity were significantly more prevalent in the low income group. Table 3 shows the unadjusted ORs and 95% CIs of CKD. DM, DL, HT, and obesity were more prevalent in the CKD group. Regular alcohol intake and physical inactivity were significantly less common in the CKD group than in the non-CKD group. In the low income group, the prevalence of CKD was increased (OR: 1.61, 95% CI: 1.20 -2.14). There was no significant interaction between sex and income in our study (P = 0.4), although this result is not shown in the table.
Thus, we only analyzed the adjusted OR using all subjects. There were many data were missing in the present study. 3,557 people were 
Discussion
In Western countries, SES is associated with CKD prevalence, progression, and risk of mortality. However, in Japan, the association is not clear. times more likely to develop in those who have a household income of less than $16,000 per year than in those whose household income is $35,000 per year or more [16] . The present study corroborated these previous investigations in finding a relationship between lower income and CKD. To our knowledge, the present study was the first to examine the relationship between individual income and CKD in Japan, and the results were similar to those of previous studies in other countries. That is, the odds of CKD in the <2 million yen group (almost 17,000 US dollars) were 1.3 times higher than those in the ≥2 million yen group.
There are several reasons why SES may influence the prevalence of CKD.
Firstly, unhealthy lifestyles and metabolic factors may contribute to the association between SES and CKD. In previous reports, many people with low SES have an unhealthy lifestyle [21] [23] [24] . Priya et al. showed that proportion of participants with unhealthy lifestyles, such as high alcohol intake and physical inactivity were higher in participants with low SES [25] . It may be that metabolic risks, such as DM, DL, HT and obesity, in addition to unhealthy lifestyle factors, are mediators of the association between low SES and CKD [25] . In summary, unhealthy lifestyles and metabolic risk factors may develop due to low SES, resulting in CKD. In the present study, similar results were found. Those with low income had tended to have unhealthy lifestyles and metabolic risk factors. And the results of the present study indicate that people with metabolic risk such DM, DL, HT, and obesity, have greater prevalence of CKD than those who did not have. There was an association between low income and CKD in multivariate analysis, after adjustment for unhealthy lifestyle and metabolic risks. Health Therefore, to prevent CKD, it is necessary to improve lifestyle-related diseases and unhealthy habits, especially among those with lower income. Secondly, it may be that uncollected factors affect the onset of CKD, such as stress caused by low income, or lack of access to medical services. In this regard, it was interesting that we found a relationship between income and CKD, even in Japan, where healthcare is easy to access. In a past study, health insurance and routine healthcare services were examined as potential meditators of the SES-CKD association, as were health-related behaviors and comorbid conditions [25] . Factors related to healthcare access contributed 11% to the SES-CKD association, indicating that the contribution of healthcare factors is greater than that of health-related behaviors such as smoking or alcohol intake. Conversely, Japan, which has universal healthcare coverage (UHC), has significant equity in its healthcare system, expanding coverage to almost all citizens [26] . One major strength of our study was that it showed that, even in country with UHC, lower income may be a risk for CKD.
Accordingly, advancing our understanding of the role of socioeconomic factors in the onset and progression of CKD should lead to improved strategies for disease prevention and management. Specifically, clinicians could prevent CKD by modifying the health services that are available through UHC, considering that patients with CKD are often in low income strata in Japan. In this regard, although there is UHC in Japan, it may be difficult to access because few health services are covered and many people with low income still have to finance their own treatment. This is now considered a serious problem, because a lack of access to medical services may be a mechanism of CKD development. To break this barrier to access, it may be effective to remunerate health check-ups; that is, if people were paid to seek medical check-ups, or if the self-burden of medical expenses were reduced, people with low SES may more readily seek health check-ups or visit routine medical care. CKD is associated with SES, even after adjustment for those metabolic risks that were assessed at medical examination.
However, the rate of specific health check-ups and special health-maintenance guidance is high in large companies, while the rate is low in small and medium enterprises, as well as among the self-employed. In addition, it is difficult for people of low SES to access medical services [27] . Secondly, a population-approach is important in the prevention CKD. As we have stated above, the prevalence of CKD is, for many reasons, higher among individuals of lower SES.
In turn, a population-approach will reduce risk factors and thus increase the health level of the entire population; that is, it may be possible to prevent the onset of CKD, even among people of low SES. Case in point, in co-operation with a private company, the United Kingdom reduced the national salt intake by reducing the amount of salt in processed foods [28] . Salt reduction activity for all citizens-a population-approach-may prevent unhealthy lifestyle, which is one of CKD risk factors, in the future. We should formulate and implement more such strategies to stem the tide of CKD. Health
There were several limitations to the present study. Firstly, it was a cross-sectional study, and causal inferences could not be made because we could not determine temporal sequence. Secondly, we used income as the sole indicator of SES, because other indicators, such as education and occupation, were not collected in the survey. In general, education and occupational history should also be considered. Future studies should examine the relationship between occupation or education and CKD. Thirdly, there may have been selection bias, because many data were missing in the present study. For instance, the patients needed to visit a designated laboratory for blood tests. However, not many people came to this laboratory, and thus the amount of missing data was increased. As a result of comparing the attributes of the person undergoing blood test, missing data were not considered to have a significant effect on the results of the present study. Fourthly, our data did not include a few critical factors for cofounding and medicating such as smoking status, unhealthy diet and stress.
These unhealthy factors may contribute to the association between SES and CKD. According to Fukuda et al., the smoking rate in men is 2.03 times higher among lower income classes than among higher classes [21] . Keita et al. showed that children in disadvantaged neighborhoods consumed a greater percentage of calories in the form of fats and trans fats, and that they had a higher sodium intake [23] [24] . The study including these factors will elucidate the pathway from SES to CKD more clearly. Lastly, because CKD is described as an aging-related phenomenon rather than a disease, it may be over-diagnosed in elderly people, who are also likely to have lower income than younger participants. Indeed, some studies have cast doubt on whether the GFR can be estimated using serum
Cr in elderly patients with CKD [29] . That said, to estimate the GFR among elderly Japanese patients, we used a formula that the Japanese Society of Nephrology has judged as valid. It is important that future researchers continue working to assess the relationship between income and GFR, which can be estimated more accurately using serum cystatin [30] .
Conclusion
In conclusion, the present study revealed that low income is significantly related to CKD in Japan, which there is UHC. Further studies are needed to assess the association between temporal variations in SES and CKD prevalence. Additionally, interventions such as a population-approach should be considered.
